Meanwhile, the depth-dependent shape and orientation of collagen fibres are also 11 highly responsible for the mechanical properties of articular cartilage (Zhu et al., 12 1993). Schoonbeck, 1984) . Recently, the equilibrium swelling strain of the full-thickness 20 cartilage was optically measured (Narmoneva et al., 1999) and the transient swelling 21 and shrinkage strains were obtained using ultrasound (Wang and Zheng, 2006 within a short time will be more significant than the detection of equilibrated one, 6 which normally requires a long time to obtain a result. were wrapped in wet gauze soaked with physiological saline, and stored at -20ºC until 8 testing. All the samples were tested within one month. Before testing, the cylindrical 9 plug was cut into two parts. The 2/3 portion was used as the testing sample and the 10 1/3 portion reserved as the control for the histological assessment only. All the experiments were carried out at room temperature (21±1ºC). The 2/3 portion 5 specimens were thawed for three hours in physiological saline before tested using the 6 manually controlled 3D USMS. The experiment protocol was as follows. A. Normal shrinkage-swelling test 9 As described in our previous study (Wang and Zheng, 2006), the free shrinkage and 10 swelling behavior was induced by changing the concentration of the bathing solution.
11
After the specimen was mounted and equilibrated, the physiological saline solution 12 was rapidly removed using an injection syringe and replaced with the 2 M saline analyses were conducted using SPSS software (V11.5, SPSS Inc., Chicago, USA). clearly shown by the echoes generated at the interface between the digested and 19 undigested tissues (Fig. 3) . These echoes formed an inclined streak of the digestion 20 front and can be observed. After digested with trypsin, the degenerated cartilage 21 specimens showed weaker shrinkage and swelling behaviors (Fig. 3c,d ) in comparison 22 with the normal specimens (Fig. 2b,c) The overshoot relaxation phenomena during the shrinkage and swelling phases were 5 observed in this study for both the normal and degenerated cartilage tissues. For the 6 degenerated cartilage, the mean overshoot amplitude of the shrinkage behavior 7 changed with a greater decrease than that of the swelling behavior (Fig. 4) . The (Fig. 7a) . However, for the other two groups digested with shorter time, the 14 strains of the three layers changed insignificantly (p > 0.05, Fig. 7b,c) . (Fig 4b.) . The possible reasons may be that the PG Saied A, Cherin E, Gaucher H, Laugier P, Gillet P, Floquet J, Netter P, Berger G. 1997. 
